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Abstract

TheproposcaSmall Solar 17 17 Ol) ( " missionfeaturesa (aose approachto thesun
with a perilichion of” 4 .. ( ‘arlhon molecules emitted from 1 he spacecraft’s heat
shicld will become ionized by clectron impact and photoionization.  The newly
created ions and electrons may generate electromagnet ic and clectrostat ic plasma
wavesbetween LY ( 10£2,) and 11,17 (0.2€2+»,) whichare possible sourcees of interfer-
cnee within-situp lasmamaoasurements. To understand t his possible int erference,
we have perforned computer simulat ions to model the electroma gnetic and elee-
trostatic field disturbances ¢ aused by t n(r pick-up p rocess of Cylions and rel at ed
clectrons as the spaceera {t{lics across t he external solar coronal magnet ic field.
I o1 (11 tostudy thewave particle interactions, whicl includes inhomogencities
(of the %) plasma) and kinetic efleets, we use the electromagnet ie particle code
called Kyoto University Electromagnetic Particle Code (K1 MPO) [Matsumoto and
Omura, 1984]. We find that t here are no subst antial plasina waves generated by
the electron and ion pickup. The (C1(X1] icficldnear the spacecraftis also simall.
T'h us, there should be no interference {for St nall Sol ar Prohe. We will also give a

first- principles argument why Low Ifrequency instabilities should not oceur.




1M odd

A full-particle simulation code is used 1o study inhomogencitics ina solat wind — spacceraftinteraction,
We use 2-dimensional K 15 MPO code to solve for the ol ectror nagnetic and electrostatic fields and for particle
trajectories. This code solves the full set of Maxwell’s equations for the ¢l cetric and magnetic fields and the
cquation of motion for the particles in the system. They are solved self- consistently hased on the particle-
in-cell 112( '1110(2. Since the KEMPPO CO@Q(C treaishoth (1(, ctronsandionsascharged particles, it allowsusto

investigate nonlincar phenomena due to their kinetic effects,
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Maxwell’s equations ave solved by a leap frog schieme for time advancenent and a cent ered di flerential scheme
is uscd for spatial differentiation. The equations of motion for particles arve solved with a Buncinan-Boris
method (Birdsall et al. [1985]). Tn our simulation model ( see Figure 1), a half OPC houndary condition
i s adopted. That is, damping regions are added in both # houndari es and periodic boundary conditions
are used in the y divection. Theplasina \Wiir\'(s propagatinginthe « direction are damped near the edge s
of t he simulation box ( see Figure 1) and particle s are not traced beyond t he w = (), @4, o0 boundary. &, o,
represents the size of the systent including the damiping regions. At the center of the system we putin an
internalboundary which (“orr(,8))o1) (1S 10 thespacecraft. This is indicated by the shaded box of size 2R,.In
this model allparticlesimpinging upon t he spacecraft sill’f;1( ¢ arcabsorbed. that is, t he reflection cocfficient
of the particlesatthe spacecraft silril((, is assuinediobe 7,(,2°(0. The potential of the spacecraft is calenlated
from 1 he accwmulat ed charge nsing a capacitance mat vix method [Ho chicy and Bastwood, 1 988]. I'he solar
wind flows along a axis from left-to right and the solar wind magne tic field has an anigle 0 relative to the
flow direction and lies within the @ - g plan e. We (11008(" t hespacecraftas our fiame of” referen ce. The
external eleetrie field ha s an intensity of w4 x I3,. This is i1l the 2 direction, ¢, g., into the paper. In
order 10 simulate anopenboundary system, the sol ar wind particles ave injected from hoth ends (hocause (I
the large thermal velocities, some particles ent er the box from the right side), @ = 0, 460, with @ constant
ambientflux which is cal culat ¢d from the thernr al veloci ty and the solar wind velocity v .

Tablelgivesthe 11)() (11 parameters. Wefindthe electron boeta, jon sound Mach number and Alfvén mach
number are 0,013, 5.0 and 0.4, respectively. Note that the flow speed is supersonic but not super- Alfvénic.
The characteristic frequencies of cachspeciesare 110 s¢11 t o maintainy calistic ratiosrelativet othe ¢i¢¢t ron
Ci'Clot ronTrequency, The drift, jon thoa mad and ion sound velocities are indicated with a value normalized

to the solar wind electron thermal velocity, Solavwind (L 1((fI70ils and ions are considered to beisothermial.




Simulation Model
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Figure 1: Shnulation model
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Figure 2: Velocity distribution function used in the computer experiments.

Themass ratios of the cle etrons, protons and Cy jons are assumed 10 he 1:16:100" inowsiin ulation. The
(*0111 1)1'(,SS( (1 massratiois necessaryforreasons of computational efliciency. I'he t hermal velocity of Ce-origin
GICC(rotls is assumedto 1)(, 10 times sinaller than that (1f solar wind ele ctrons. The thermal velocity of (%
ions is very small, and therefore the jons can be assunied o be a cold beamn in the solar wind, Figure 2

shows 1he vel ocity distribution function used in the computer siimulations,

2 Results

W e perform 4 cor npuiter siimumlation runs woith different values of the angle of the external magnetic field
relative 10 the solar wind flow diree tion and (% densities, Pavame ters for cach shnulation run are listed in

Table 2. Wefirst performa ((1111 1)11(0 stmulation without Cy particles (0= 307) to identify what kind of




waves are generated due o the spacecraftes olar wind 1 e -action without pickup ons present We do his

for bascline information. Next we putl the (% pickup plasma into he systan ane compare the difference

hetween (wo cases at four different @ values (¢ =+ 0,309,60"and 90%). The larmor radius is 200 Ay, larger
than the simulation box, 51.2 Ap.

the

The 4 Figures (Figures 4, 5, 6 and 7) illustrate the densities when Cy jons are present. Figure 471

case where the external magnetic field has an angle of 0° relative 1o the solar wind flow di-ection  The

density profiles of the solar wind clectrons (a), wotons (b, Cy-origin clec rons (¢) and ¢} jons (d) are

hown, respectively. A solar wind jon wake is formed behind the spaceeraft (see panc (b)), This s primarily

olar

caused by Jhe Cy ion density enhancement near he spaceeratt (shown in panel (d)), displacing
wind protons. There is a Cy jon density buildup in the vicinity f the spacecraft (pancl (1)), The largest

densitic

are on the upstream side of the spacecraft. While the newly ¢ cated m..N_ jons are removed stowly
from the vicinity of the spaceeraft, the Cy-ovigin clectrons are carricd away very last by interacting with the
solar wind clectrons.

There is also a small region of downstream ¢} density enhancement just behind the spacecraft. The

canse of his enhancement is a charge separation in he w ake region of e spacecrat. The €

trapped by the potential well caused by this charge separation of the solar wind protons and clectrons.
As the angle of the magnetic ficld relative to the spaceeraft velocity increases (figures 5 o 7) more
(. clectrons are carried away from the spaceeraft. The (% jons agaim build up on the upstream side of
2 A 2 )

the spaceeraft. Yor the 0 = 307 case, e al olnte densitios are ahnost the same as the # = 07 case, but

the ﬁv_ jon density structure is now much hroader in angle. Note the F¢ x I3 flow dircetion is from the

upper left to lower right and theretore the asymmety in he .N_ jons in the y direction. There is again a

high- density, narrow downstream enhancenent region. There 1s a chiarge separation clectric field can cd by

clectron mobility along I3 near the edges of the wake.
Figure 7 represents the solar wind and (% plasma density with the same format as he previous Jigure Ind
for 0 = 90°. Because of the orthogonal ficld orientation. the ) density enhancement in the upstream region

18 HOW ¢

syinmetrie about the y divection. There is also now @ Jack of an enhancement in the downstream
region.

Figure 3 depicts the potential structme around the pacecraft with a bird’s eye view for the 0 = 90° casc.
A potential hill due to charge separation exists behind e spaceeraf  The potential of the spacecralt itself

is not adfected much by spacecraft charging cflects. The potential of the spacecraft js almost - 2.6 x 1077

smrface over

of the clectron hermal energy (ke ). The corresponding clectric field at he spaceceeradt
the Debye length is ~ 5.2 X 100 2V e b2 orders of magnitude lower than the vg X I3, clectrie field. To
understand s potential. we have run the siinulation withou carbon jons present. This potential is caused
by the mv_ jons in the vicinity of the spacecraft. The maxinmm of this potential kept low due to the presence
of backgromnd thermal electrons, The maxinuin of this potential is ~ - 2.6 % 10 267, ~ 5.0¢V. The drift
cnergy of the solar wind proton is ~ 00¢V. Thus, (his should not lead to any interference with solar wind

plasma detection,
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Fligure 3: Potential structute around the spacecrafi



3  Summary

We have performed 4 computer simulations, one withou  Cz ions and ot 1ers with 'y ionsand f = 0°,30%nd 90°,
There is an upstream C) density feature for all cases of 6. The density enhancement has a magnitude of

'

~ 4n,,. This density enliancement is caused by thie charge separation of € jons and clectrons. This spatial

structure is commonly seen for all cases of 0. The shape of his density feature is depend on f. This is due
o the v, x I3 drift of the jons, where vy, is the spacecraft velocity. There is negligiblie potential near the
spacecraft on he solar side. There is a measureable spacecraft potential but quite small ~ 5.2 x 107 Y
m™ . We also compared the peak energy of the potential structure with the drift energy of the solar wind
protons. We confirmed that the solar wind {low is not affected by this potential.

We also checked the wave intensity in the vicinity of e spacecraft. We could not find any change in the

frequency spectrum due o the m‘.‘\_ plasina
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Figure 4: Plasma particle number density contour in the casc where 0 = (°,
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